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Abstract 
This study aims at identifying the microfractures characteristics and their significances to gas permeability in coals. The 
microscopic measurements of 189 polished coal surfaces show that there are commonly two kinds of microfractures: the exo-
microfracture formed by tectonic stress and the endo-microfracture formed within certain macerals as the result of peat formation 
and coalification. The exo-microfractures are commonly densely developed, with typical textures of irregular dendritic, 
filamentous, turtleback, and typical frequency of hundreds per 9 cm2. Comparably, the endo-microfractures commonly have the 
frequency < 100 per 9 cm2. It has been confirmed that endo-microfractures are generally developed with regular texture, good 
connectivity and orientation, and thus are favorable for gas permeability. Some overdeveloped exo-microfractures (>200 per 9 
cm2) with filamentous texture are mostly formed by intensive tectonic stress, and are indicators for “outburst-prone coals”. The 
highly microfractured coals have poor connectivity and orientation, and thus are unfavorable for permeability and gas production. 
 
hÉóïçêÇëW microfracture; coalbed methane; permeability; coal; coal reservoir 
1. Introduction 
As an organic porous media, the coal has various cleats or fractures. They account for most of permeability and 
much of porosity of coal reservoir and can have a significant effect on the success of exploiting coalbed methane 
(CBM) from ground-wells and extracting coalmine methane (CMM) from subsurface-drills. Generally, two phases 
of methane flow through a coal seam are modeled. Firstly, the adsorbed methane must diffuse through the 
micropores of the coal matrix until it reaches a natural fracture (cleat), and secondly methane flows through the cleat 
network to the wellbore in response to a pressure gradient [1]. Laubach et al. [2] studied the cleat apertures, 
morphology, connectivity, and the relation of cleat formation to diagenesis characteristics. Gamson et al. [1] firstly 
indicated that the continuity of the observed micrometer-sized fractures, i.e. the microfractures make a significant 
contribution to coal permeability. The up-to-date studies [3, 4] also demonstrated that microfractures contribute 
most to the transport of methane through coal. Owing to the increasing importance of coal seams as gas reservoirs, 
the study of microfractures has been increasing attention in some geological literatures [5, 6]. Yet the study about 
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=the origin of microfractures and its relationship to permeability has been neglected and unreported. The aim of this 
study was to investigate the aperture, frequency, morphology and also the origin of coal microstructures and to 
evaluate their influences on gas permeability for Permo-Carboniferous coals in North China. 
2. Samples and methodology 
A total of 189 fresh coal samples were directly collected from underground mines in the Qinshui Basin and 
Pingdingshan, Yongxia, Anhe, Jiaozuo, Xinggong, Huaibei, Huainan, Weibei, and Hongyang Coalfields, North 
China (see Fig. 1 for sampling locations). The collected coals cover a broad spectrum of rank ranging from high 
volatile bituminous to anthracite. All samples were carefully packed and then immediately sent to laboratory for 
experiments.  
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Fig. 1. The distribution and characteristics of Basins and coalfields in North China. 
All collected samples were divided into a large block (approximately, 15×15×15 cm3), a moderate polished block 
(approximately, 3×3 cm2) and small pieces for thin sections. The large block was performed for air-permeability 
analysis by a traditional method. The small piece was performed for routine coal maceral composition and vitrinite 
reflectance analyses. 
The moderate polished block was prepared in three processes. The certain proportion of resin and paraffin are 
firstly melted together and poured into the microfractures in coal. Then the coal blocks were cut, polished, and made 
for 3×3 cm2 samples. Finally the microfractures measurements were performed on the polished samples using a 
Laborxe 12 Pol fluorescence microscope. The aperture, spacing, morphology and network connectivity of 
microfractures were observed and measured. In addition, the polished sample was artificially divided into 9 micro-
blocks (1×1 cm2 for every micro-block) in the visual field of the microscope, and then the microfracture frequency 
was counted on every micro-block by the following classification [8]: 1) Type A with width (W)  5 ȝm and length 
(L)  10 mm2,) Type B with W  5 ȝm and L< 10 mm3,) Type C with W < 5 ȝm and L  300 ȝm, and 4) Type D 
with W < 5 ȝm and L < 300 ȝm. 
3. Microfracture characteristics 
The investigated districts are located in North China (Fig. 1), the most favorable CBM exploration and 
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exploitation target districts in China where abundant CBM resources were found. The Pennsylvanian Taiyuan 
formation and Lower Permian Shanxi and Shihezi formations are the main coal-bearing strata. The coals are the 
high to low volatile bituminous in Datong, Pingdingshan, Huaibei and Huainan coalfields, the low volatile 
bituminous to anthracite in Qinshui basin and Yongxia, Anhe, Jiaozuo, Xinggong and Weibei coalfields, and both of 
them in the Hongyang coalfield (Table 1). 
The study investigated the microfracture frequency and morphology, the former of which is defined as the 
number of microfractures observed at a visual field area of 9 cm2 and an amplification of 63× under the fluorescence 
microscope. The microfracture frequency of the investigated 189 coals ranges from 3 to 579 per 9 cm2, and shows 
great difference among different mines or coalfields (Fig. 2). For example, the microfracture frequency is low (<150 
per 9 cm2) for coals from Qinshui basin and Jiaozuo coalfield, whereas it may be high (>300 per 9 cm2) for coals 
from Pingdingshan, Anhe, Xinggong, Huanbei and Weibei coalfields. The great span of microfracture frequency 
mainly resulted from two kinds of origin of the microfracture: endogenous and exogenous. 
Table 1. Statistical characteristics of coal microfractures of coals in North China 
Coalfield/Basin Mine area 
Averaged microfractures numbers 
for four types, per 9 cm2 Ro (%) 
Sample No. 
in Fig. 2 (total 
number) A+B C D 
Datong Baidong, Guanyintang and Wangbianzhuang 5.00 12.64 64.09 0.6–0.8 1–11 (11) 
North Qinshui Shouyang and Yangquan 0.91 11.41 25.17 1.7–3 12–34 (23) 
Southern Qinshui Jincheng and Yangcheng 2.08 8.15 12.85 2.9–3.6 35–47 (13) 
Medium Qinshui Changzhi, Zuoquan and Qinyuan 1.82 5.76 17.47 1.6–3.5 48–64 (17) 
Pingdingshan Ping-8, Ping-6 and Gaozhuang 3.55 23.36 206.73 0.8–1.2 65–75 (11) 
Yongxia Chensilou and Gedian 1.50 21.60 46.40 2.9–3.2 76–85 (10) 
Anhe Longshan, Hebi-10 and Hebi-3 2.10 19.6 64.20 1.7–3 86–95 (10) 
Jiaozuo Weicun and Zucun 0.44 15.33 20.78 2.8–4.2 96–104 (9) 
Xionggong Xingyang and Dayugou 3.60 32.00 140.60 3.7–4.3 105–109 (5) 
Huaibei Luling, Renlou and Tongting 3.50 17.07 113.36 0.8–1 110–123 (14) 
Huainan Xieqiao, Xinzhuangzi, Zhangji and Pan-1 3.30 17.80 60.40 0.7–1 124–133 (10) 
Weibei Hancheng, Chenghe, Pubai and Tongchuan 2.78 22.68 72.40 1.6–1.9 134–173 (40) 
Hongyang Linsheng, Hongling, Hongyang and Xima 4.19 27.00 68.50 0.8–2.9 174–189 (16) 
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=Fig. 2. Calculated microfracture frequencies on polished surfaces of coals in North China 
It is observed that microfractures are dominated by the type of width <5 ȝm and length <300 ȝm, which belong 
to the microfracture Type D (Table 1) which has a large span of frequency ranging from 2 to 525 per 9 cm2, and has 
the morphology of the dendritic, turtleback, and filamentous with random structure. It is commonly developed with 
poor connectivity and is prone to be filled with some clay minerals. The microfracture Type C commonly has a 
frequency of about 10-100 per 9 cm2 and is orderly developed with an X-shaped morphology. It is generally well-
connected that contributes most to gas permeability. Type A and Type B are commonly the open-mode 
microfractures with large aperture, good connectivity and minimum mineralization. Both of the two types are 
unfrequently seen in North China coals and are commonly with the frequency less than 10 per 9 cm2. They are 
commonly developed at two orthogonal directions, which are also called face microcleat and butt microcleat. The 
microfracture Types A, B, and C are the dominating transmission-path for gas and liquid, and contribute most to 
permeability of coal reservoirs. 
4. Microfracture origin and coal permeability 
Two mechanisms are related to the origin of coal microfractures: the diagenesis and postdiagenesis. The 
diagenesis metamorphism including the peat formation and coalification is the origin of endogenous microfractures 
(endo-microfracture). In contrast the postdiagenesis resulting from the extraneous stress deformation induces the 
formation of exogenous microfracture (exo-microfracture). 
The endo-microfracture was distinctly distinguished from the exo-microfracture on the frequency and 
morphology for the investigated coals. As shown in Figs. 3-4, the endo-microfracture is commonly characterized by 
the orthogonal (Figs. 3(a)-3(d), 3(h)), isolated (Fig. 3(e)), X-shaped (Figs. 3(f)) and plaiting textures (Fig. 3(g)), 
whereas the exo-microfracture is characterized by the dendritic (Figs. 4(a), 4(b), 4(f)), step-shaped (Fig. 4(d)), 
filamentous (Figs. 4c, 4(e), 4(g)) and turtleback (Figs. 4(h)) textures. Most endo-microfractures are orderly 
developed as in two approximately orthogonal directions. In contrast, most exo-microfractures are desultorily and 
randomly developed by high anisotropy within the coal. The endo- and exo-microfractures also show distinct 
difference in microfracture frequency. Compared with the hundreds per 9 cm2 of the exo-microfracture frequency 
(Fig. 4), the endo-microfracture frequency commonly ranges from 10 to 100 per 9 cm2 and with the maximum of 
200 per 9 cm2 (Fig. 3). 
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Fig. 3. Morphology and frequency (c, in per 9 cm2) of endogenous microfractures observed in 500×blue light (a, c, e and g) and 63× reflect light 
(b, d, f and h). Endogenetic microfractrures commonly developed in vitrinites. (a) BDWJY-4, Ro=0.75%, F=23; (b) BDXX-2, oo=0.72%, c=44, 
Air permeability=0.46 mD; (c-d) XIM13-1, oo=2.58%, c=56; (e) XC10-1, oo =1.79%, c=75; (f) XC10-2, oo =1.82%, c=75, Air 
permeability=0.86 mD; (g) WL-3, oo =0.92%, c=73, Air permeability=0.13 mD; (h)YCW2-1, oo =0.64%, c=192, Air permeability=28 mD. 
The endo-microfracture is commonly formed within certain macerals as a result of peat formation and 
coalification. Based on the results of coal macerals, coal lithotype, and coal facies analyses, it was found that these 
factors are strongly correlated to the development of endo-microfractures. At first, the endo-microfractures are 
selectively developed in certain coal macerals or submacerals. For example, the submacerals of telocollinites is most 
favorable for endo-microfracture development (Figs. 3(c), 3(e), 3(g)), but others including the desmocollinite, 
vitrodetrinite, inertodetrinite, semifusinite and fusinite are disadvantaged. Data statistics of the endo-microfracture 
in the Qinshui basin showed that the microfracture frequency emerges a moderate positive linear correlation 
(correlation coefficient of 0.71) with the telocollinites content. Secondly, it was micro-observed that endo-
microfractures are better developed in the banded bright coals and the vitrite than in other coal types. In addition, the 
coal microfacies analysis was made to study the formation environment of endo-microfractures. The results show 
that the palaeoenvironment with low mobility of swamp water and good tissue preservation are advantaged for 
endo-micofractures. At the same time, endo-microfractures are well developed in relatively hydrogenant forest peat-
swamp compared with other peat-swamp types. The endo-microfractures are commonly formed by the processes of 
generation, accumulation and centralized-release of high pressure gas from coals. For formation of endo-
microfracture, two primary preconditions must be fulfilled for coal macerals or lithotypes: the high gas generation 
yield and at the same time the poor gas-diffusibility. This can explain the selective development characteristic of 
endo-microfractures. For example, the submacerals of telocollinites have great potential for gas yield, but low gas 
diffusibility [7], and thus are favorable for endo-microfracture development. 
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Fig. 4. Exogenic microfractures deformed from shear and fold, observed in 500× blue light (a, c, e and g) and 63× reflect light (b, d, f and h). (a) 
YP5-4, dendritic, Type D, oo=1.59%, c=528; (b) JY5-1, dendritic, Type C-D, oo =1.55%, c=19; (c) LS7-1, filamentous, Type D, oo =1.15%, 
c=216; (d) SSP11-2, step-shaped, Types B-C-D, oo =1.79%, c=327; (e-f) WC5-1, filamentous, Type D, oo =1.79%, c=579; (g-h) HL12-2, 
turtleback, oo =1.8%, c=288. 
The exo-microfracture is commonly formed by tectonic stress such as shear and fold (Fig. 4). It was found that 
the development of exo-microfracture does not correlate with the results of coal macerals, coal lithotype, and coal 
facies analyses, which is distinctly different from the development of the endo-microfracture. Based on the in-situ 
geological investigations, we found that all these high fractured samples were sampled from the strong tectonic 
deformation area. The development of exo-microfracture strongly relates to the coal structure, which is commonly 
divided into normal, cataclastic, granular and mylonitic structures by mining geologist. Normal coals are 
tectonically undeformed coals characterized by a banded texture and pre-tectonic features. This type of coals has 
low exo-microfracture frequency, and is commonly orthogonal to or displaying an X-shaped relationship with the 
bedding surface. In contrast, granular and mylonitic coals are deformed coals characterizing by tectonically induced 
features and notably a granular or mylonitic texture. This type of coals is often called as ‘sheared coal or soft coal’, 
which commonly has ultra high frequency (>400 per 9 cm2) and with the filamentous or turtleback microfracture 
morphology. Cataclastic coal is characterized by moderately developed microstructure which is transitional between 
the normal coal and ‘sheared coal’. This type of coals has moderate exo-microfracture frequency ranging from 200 
to 400 per 9 cm2, and has typical of step-shaped or dendritic morphology (Fig. 4(d)). As the investigated exo-
microfractures in the Luling mine, Huaibei coalfield [8], the samples from tectonically stressed area have well-
developed exo-microfractures with frequency >290 per 9 cm2, while the samples from the adjacent but less 
tectonically stressed area contain endo-microfractrures with frequency of <150 per 9 cm2. 
The microfracture frequency, morphology, connectivity of network and the degree of mineral filling are 
important controls on coal permeability. The different characteristics between exo-microfracture and endo-
microfracture decided their different effects on coal permeability. The endo-microfracture is orderly developed with 
open mode network; it is thus obvious that the higher frequency of endo-microfracture obtain the more favorable 
908 Y. Yan-bin and L. Da-meng / Procedia Earth and Planetary Science 1 (2009) 903–910
= =
coal permeability. An example is the YCW2-1, which has well-developed endo-microfracture and the high 
permeability (Fig. 3(h)). Another example is XC10-2, whose low endo-microfracture frequency has resulted in its 
low permeability (Fig. 3(f)). Other examples are BDXX-2 (Fig. 3(b)) and WL-3 (Fig. 3(g)), whose mineralized 
endo-microfractures have resulted in their low permeability. For all investigated coal area, the endo-microfracture is 
mainly existed in the Qinshui basin, where tectonic activity is weak after the coal-formation. 
Different from the endo-microfracture, the exo-microfracture is anisotropically developed with worse 
connectivity, and may be locally mineralized by the post-diagenetic minerals. The exo-microfracture is commonly 
observed in the cataclastic-, granular- and mylonitic- structured coals, and is especially developed in the sheared 
coals resulting from the tectonic stress. The effects of exo-microfracture on coal permeability are complicate. The 
moderately developed exo-micorfractures in the normal- or cataclastic- structured coals are favorable for gas 
permeability, whereas the ultra-developed exo-microfractures in the sheared coals are unfavorable for gas 
permeability and production [3, 5]. This is because that the kind of sheared coals are commonly associated with the 
higher effective stress and also with poor connectivity and high anisotropism of microfracture. In addition, higher 
friability of these sheared coals could bring many reservoir engineering problems [9]. The highly microfractured 
coals are always the ‘outburst-prone coals’ from the coal mine safety aspect [10], and also are the ‘hard-to-recovery’ 
reservoir from the CBM development aspect [11]. 
5. Conclusions 
(1) The microfractures in the North China coals are mainly the type of width <5 ȝm and length <300 ȝm, andwith a 
wide span of microfracture frequency ranging from 3 to 579 per 9 cm2. 
(2) Most endo-microfractures are orderly developed as in two approximately orthogonal directions, whereas most 
exo-microfractures are desultorily and randomly developed by large anisotropy within the coal. Compared with 
the hundreds per 9 cm2 of the exo-microfracture frequency, the endo-microfracture frequency commonly ranges 
from 10 to 100 per 9 cm2. 
(3) The endo-microfracture are commonly formed by the processes of generation, accumulation and centralized-
release of high pressure gas from coals, which is the reason that the endo- microfracture is selectively developed 
in the submacerals of telocollinites, the macrolithotype of banded bright coal, and the microlithotype of vitrite.  
(4) The exo-microfractures are commonly formed by tectonic stress such as shear and fold. They are well-developed 
in the cataclastic-, granular- and mylonitic-structured coals, but are relatively poor-developed in the normal 
structure coal. 
(5) The endo-microfractures are generally developed with good connectivity and orientation, and thus are favorable 
for gas permeability. In contrast, although the moderately developed exo-micorfractures in the normal- or 
cataclastic- structured coals are favorable for gas permeability, whereas the ultra-developed exo-microfractures 
in the sheared coals are unfavorable for gas permeability and production. 
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